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SUMMARY 

The objective of this program is to evaluate the use uf miniature fuel 

cel ls  in preventing the build up of high pressures  in sealed silver-zinc bat ter ies .  

The miniature ce l l s  perform this function by electrochemically consuming the 

gases  that a r e  generated within these batteries during operation and stand. In 

this process  the miniature cel ls  a l so  deliver e lec t r ica l  energy which may  be 

used for  a n  auditory warning or  telemetering response indicating battery gassing. 

Scope of the program includes fabrication and testing of miniature fuel 

Sufficient tes t s  a r e  to be ca r r i ed  cel ls  under simulated conditions of gassing. 

out to provide the necessa ry  design data for  specifying the appropriate s ize  and 

configurationof miniature fuel cel ls  to handle gassing ra tes  that would be 

encountered in  any s ize  s i lver-zinc battery under anticipated operating condi- 

tions. 

100 amp-hr  si lver-zinc bat tery and fifteen units a r e  to be delivered to NASA 

I 
I 

In addition, prototype models are to be built and tes ted i n  a commercial  

I 
I G odda r d 

Work performed during this f irst  quar te r  consisted of fabrication and 

tes t  of severa l  experimental  miniature fuel cel ls  i n  specially designed bat tery 

s imula tors .  

factor i ly  in  reduction of p re s su res  in  batteries fo r  operating t imes of at l ea s t  

1600 hours.  

mixtures  of H and 0 

hydrogen in  the cathode. 

at 40°G, where cu r ren t  output was 2007'0 of that at 25OC, and a l so  of that at 

0 C,  where cu r ren t  output was 8070 of that at 25OC. 

Life tes t s  indicate that the miniature  fuel ce l l s  function satis- 

Functionality of the miniature cells was shown for  operation on 

2 2 containing u p  to 5070 oxygen i n  the anode and up to 10% 

The cells were a l so  found to function sat isfactor i ly  

0 

The experimental  work has been c a r r i e d  out i n  accordance with the 

N o  major problems have a r i s en  t~ date and authorized statement o f work. 

work is proceeding on schedule. 

of existing life t e s t s  as well a s  initiation of new ones in the "dead end" mode 

of operation descr ibed herein.  

P l a n s  for  next period include continuation 
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1. 0 INTRODUCTION 

The phenomena of gassing in silver-zinc cel ls  and resultant p r e s s u r e  
rise caused by gassing in sealed ce l l s  of this type a r e  well  known. ( l Y 2 )  An 

uncontrolled p re s su re  r i s e  ultimately leads to rupture of the ce l l  c a s e  and 

fai lure  of the cell .  1 

Several  methods have been proposed f o r  dealing with this problem i n  

the past .  

gases  (H2 and 02), absorbents fo r  each of the gases  such as pyrogallol f o r  

oxygen, to more  recent methods based on s tab is tors ,  adhydrode and auxiliary 

electrodes.  The adhydrode and auxiliary electrode techniques a r e  based in 

par t  on the inherent electrochemical character is t ics  of high energy density 

bat ter ies .  In pract ice ,  these character is t ics  will va ry  under different modes 

of operation, including ra te  and degree of charge and discharge,  and ambient 

temperature .  

These methods range f r o m  use of catalysts ,  t o  promote union of the 

The objective of this program i s  to evaluate the use of a miniature  fuel 

ce l l  in solving the problem of gassing and p r e s s u r e  rise in  sea led  silver-zinc 

cel ls .  

charac te r i s t ics  of the battery in which it is employed. 

independently it the ref o re  provides independent reliable control fo r  the battery. 

I 
Operation of such a miniature  cell i s  not dependent upon electrochemical 

Since it functions 

Il lustrations of miniature fuel cells and methods in which they may  be 

incorporated in s i lver-zinc bat ter ies  are shown in  F igu res  1 through 4. 

Several  arrangements  are i l lustrated,  including a "Jack type, 

and "Deep Inse r t  type. I t  Sizes of these cel ls  va ry  depending upon the anticipated 

gassing r a t e s  within the battery. 

are 2 cm dia.  x 2 c m  long. 

the top of the bat tery without interferr ing with its normal  operation. 

"Screw type, 

Nominal overall  dimensions of those shown 

They may be mounted in  any convenient place nea r  

Work performed during this period consisted of fabrication and t e s t  

of experimental  miniature cel ls  in specially designed bat tery s imulators .  

detailed description of these cel ls  and results of t e s t s  per formed on them a r e  

given i n  the following sections. 

A 
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2. 0 TECHNICAL DISCUSSION 

2 .1  Description of Miniature Fuel Cells 

Three general  methods of incorporating the miniature  fuel ce l l s  

The first  of these 

In this c a s e ,  the cell  

Bat tery gases  mus t  

in  a silver-zinc bat tery a r e  shown in Figures 1 through 3. 

is  the "Jack type" arrangement ,  as shown in F igure  1. 

is designed f o r  d i rec t  mounting on the battery vent tube. 

pas s  through the tube before entering the fuel cell. A Screw type a r rangement  

is  shown in  F igure  2. In this ca se ,  the outer  f r ame  of the fuel cel l  is threaded 

so that it m a y  be screwed into the top of the bat tery case. Path length through 

which the gases  must  t rave l  to reach  the fuel ce l l  is  somewhat shortened in 

this case ,  In this ca se ,  the fuel cell  

is mounted deep inside the bat tery case  and exposed directly to  the gases  which 

are evolved f r o m  the electrodes.  

I 

A Deep Inser t  type is shown in F igure  3. 

Manifolding arrangements  are also possible as shown in F igure  4. 
In this c a s e ,  gases  f r o m  severa l  batteries a r e  t ransmit ted through tubing to 

one miniature  cell. 

In all of the cases  described above, the cathode side of the fuel 

cel l  is  supplied with pure oxygen f rom an appropriately small oxygen cylinder 

o r  tank. 

Key components of all miniature fuel cel ls  employed on this 

program have been the same fo r  all tests. 

been employed as electrolyte. 

asbes tos  matrix. 
both hydrogen and oxygen. 

Potassium hydroxide solution has  

This solution is contained (immobilized) in  an 

Platinum black has been employed a s  e lectrocatalyst  f o r  

Two basic types have been employed. A description of each of 

these is given below. 

2. 1. 1 Initial Cell Type 

Components of the initial miniature fuel cel l  a r e  shown 

in  F igure  5. 

Both hydrogen and oxygen electrodes a r e  identical and 

consis t  of platinum black, which has  been bonded under a p r e s s u r e  to a platinum 

SM-48457-Q1 2 



plated s i lver  screen.  

and serve  as external e lec t r ica l  leads.  

under p re s su re  to a disc of sheet asbestos to f o r m  a rigid electrode-electrolyte 

assembly. 

brane by means of the j ig designed fo r  this purpose. 

i s  to provide gas sea ls  both internal between compartments  and external to 

the atmosphere.  The electrode-electrolyte assembly,  along with the gas 

distribution plates,  a r e  mounted in  the cell housing to f o r m  the complete 

miniature fuel cell as shown in Figure 4. The housing is  made of nylon, and 

the distribution plates a r e  made of stainless s teel .  One of the gas  distribution 

plates contains inlet  and outlet tubes for transmitt ing a gas  (either hydrogen o r  

oxygen) f r o m  an external supply tank. 

machined center  hole for  transmitt ing gases f rom ei ther  a silver-zinc battery 

o r  one of the battery s imulators  to the electrode. The outside of this end 

plate is  threaded for  d i rec t  mounting onto ei ther  the bat tery o r  simulator.  

A few strands of each sc reen  pass  through the cell  f r a m e  

The electrodes in  turn  a r e  bonded 

A polyurethane r i m  is mounted on the outer per iphery of the mem- 

The purpose of this rim 

The other distribution plate has  a 

Several  s izes  of miniature ce l l s  have been built with 

overall  dimensions ranging f rom 5 m m  dia.  x 5 m m  long to 20 m m  dia. x 
10 m m  long. 

15 mm. 

Corresponding electrode diameters have ranged f rom 3 m m  to 

2.1.2 Modified Cell Configuration 

This cel l  is shown in Figure 6. 

Electrodes for  this cell  were obtained f rom the American 

As in  the cell  described above both hydrogen and oxygen Cyanamid Company. 

e lectrodes a r e  identical and contain platinum black as the electrocatalyst ,  

however, they do d i f fe r  in  some details. In this ca se ,  the collector sc reen  

is made of nickel or tantalum and a Teflon waterproofing agent has been 

admixed with the platinum black. 

is again employed as electrolyte. 

Potassium hydroxide impregnated asbestos  

Electrodes a r e  spot welded to the gas distribution plates 

to provide good electr ical  contact. 

d i rect ly  f r o m  external surfaces  of the end plates. Both plates a r e  very  

s imi l a r  to those descr ibed above; one contains inlet and outlet tubes for  

External e lec t r ica l  leads a r e  then taken 
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transmitt ing battery o r  simulator gases to the electrodes.  

l a t t e r  plate is  again threaded fo r  mounting in a battery o r  simulator.  

The outside of the 

Material 
I of construction is  s ta inless  s teel ,  a s  above. 
I 

I 
Somewhat different types of gas sea l s  a r e  employed in 

this cell.  Internal seal  between compartments is provided by compression 

of the outer  periphery of the asbestos layer between the su r faces  of the gas 

, distribution plates. External sea l  is provided by a bead of epoxy res in  

around the circumference where the cell halves meet.  

Several s izes  of these cel ls  have also been built with 

the same range in overall  dimensions as the init ial  cell (Section 2. 1.1).  

2 . 2  Life Tests  

Objective of these t e s t s  i s  to establish functionality of the minia- 

tu re  fuel cel l  for  extended operating times to 5,000 hours. The t e s t s  a r e  

being c a r r i e d  out in the battery simulators described in  Section 2. 1. P u r e  

hydrogen is f e d  to the simulator which communicates with the fuel cell anode 

and pure oxygen is fed to the fuel cell  cathode. 

continuously ac ross  a fixed load and daily record is made of voltage and 

cu r ren t  and other operational parameters .  

The cell  is discharged 

Several  l ife tes t s  were initiated on models of the init ial  cell  

design during the ear ly  s tages  of this program. 

were discontinued, however, shortly thereafter.  The reason f o r  terminating 

these t e s t s  was not due to degradation in performance (each was functioning 

well at the t ime) ,  but was related to evaluation of other Astropower miniature 

ce l l s  with new electrodes.  

formance of miniature cel ls  with new electrodes and slightly modified 

configuration was found to be significantly grea te r  than those with old 

e lec t rodes  and configuration. I t  was therefore decided to place more  

emphasis  on testing of the new cel l  type, rather than the old type, which 

would mos t  l ikely be discarded. 

All but one of these t e s t s  

As pointed out in Section 2. 3 ,  electr ical  per-  

Several  of these new cells were subsequently assembled and 

placed on l ife test .  

SM-48457-Q1 4 



A summary  of all life tests is given in Table I. Results indicate 

no degradation in performance with time to 1 ,600 hours f o r  ce l l s  of the initial 

design, and to 600 hours  for  cel ls  of the modified design. 

has  been found to be independent of external load (or  fuel cell  cur ren t )  within 

the given range. 

out the t e s t  period, except f o r  minor  fluctuations within the given ranges.  

Cause f o r  these flctuations was attributed to variations in gas flows. 

variations in  flow were ,  in turn,  caused by faulty needle valves. 

these valves has  improved their  performance and minimized the fluctuations 

in  voltage. 

Stability of operation 

Voltage of each ce l l  has remained relatively constant through- 
4 

These 

Cleaning of 

A final point should be made he re  in regard to operating conditions 

f o r  the above life t e s t s  and plans f o r  additional tests. 

chosen ope rating condition simulated those in an actual si lver-zinc cel l ,  but 

differed slightly i n  regard  to gas flow. In an actual cel l ,  the bat tery gases  

would be "dead ended" at one side of the fuel cel l ,  whereas ,  in  these t e s t s ,  

gases  were  passed  a c r o s s  one side of the fuel cel l  and vented to the atmos-  

phere.  

mode of operation may be significantly different than the "dead end" mode. 

Therefore ,  additional l ife tes t s  in other l a t t e r  mode of operation will be initiated 

during the next quar te r .  

this  mode in preparat ion for  these tests. 

As indicated above, the 

Although the gas  flows employed were  ve ry  low ( lcc /minute)  this 

A few exploratory runs were  recently c a r r i e d  out i n  

2. 3 Effect of Cell Configuration on Per formance  

Amongst the various types of miniature fuel ce l l s  which 

Astropower had examined fo r  this program was one that contained electrodes 

f r o m  the American Cyanamid Co. Electr ical  performance of miniature  ce l l s  

with these electrodes was noted to be significantly grea te r  than the type which 

employed internally prepared  electrodes Comparative performance is  given 

below. 

Curren t  Density Voltage of Initial Cell Voltage of Modified Cell" 

(Volts ) (Volts) 2 ( m a / c m  ) 

1 

10 

100 

. 83 

0 49 
0 

a% 
Containing American Cyanamid Fuel  Cell Electrodes 
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More reliable gas sealing propert ies  were  a l so  noted fo r  the 

modified cell .  

were  frequently found on ce l l s  of the initial type, but never  on cel ls  of the 

modified type. 

This was established in routine check out t e s t s  in which leaks 

2 . 4  Effect of Tempera ture  on Performance 

The effect  of temperature  on performance of both the original 

The high tempera ture  and modified cell  types i s  given in Figures 7 and 8. 

tes t s  (4OoC) were  c a r r i e d  out in a n  oven and the low tempera ture  t e s t s  ( O O C )  

were  ca r r i ed  out in an  ice  bath. 

Results indicate a marked effect of tempera ture  on performance 

In each  case, performance of both the original and modified miniature cel ls .  

was noted to improve appreciably with temperature within the given range of 

0 to 4OoC, Typical resu l t s  fo r  the modified cell  a r e  given below. 

Temperature  Operating Curren t  at 0. 6 V 
2 

(OC) ( m a / c m  ) 

0 

25 

40  

50 

60 
130 

Operating c u r r e n t  at 4OoC is noted to  be m o r e  than double that 

a t  room temperature .  

that  at room temperature .  

At O O C ,  operating cu r ren t  is approximately 8070 of 

This variation i n  performance of the miniature  fuel cell  with 

tempera ture  fortuitously matches that of its intended application in a s i lver -  

zinc battery. At elevated temperatures ,  bat tery gassing ra tes  a r e  higher 

and the fuel cell  would be required to operate at higher cur ren ts .  Results 

es tab l i sh  this capability. At lower temperatures ,  gassing ra tes  a r e  lower 

as a r e  corresponding required fuel cell  cur ren t  requirements .  

show only a small reduction in  fuel cell  cur ren t  at lower tempera tures  and 

indicate that i t  should be capable of eliminating cell  gassing problems a t  

t empera tu res  to at least 0 C. 

Results 

0 
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2. 5 Operation with H2 - - O2 Mixtures 

The objective of these studies was to es tabl ish functionality of 

the miniature fuel cell  when operated on mixtures  of hydrogen and oxygen. 

Two cases  were examined here .  

were fed to  the anode side of the fuel cell, while pure oxygen was f ed  to the 

cathode side. 

cathode side of the cel l ,  while pure hydrogen was fed to the anode side.  

In the f i r s t  c a s e ,  hydrogen-oxygen mixtures  

In the second case ,  hydrogen-oxygen mixtures  were  fed to  the 

Results of these studies are given in  F igures  9 through 12. 

Inspection of F igures  9 and 10 indicate that the fuel cell  can function satisfacto- 

r i ly  with mixtures  on its anode side containing up to 5070 oxygen. Per formance  

in  this mode of operation is  noted to decline gradually with oxygen content to  a 

level of 5070 oxygen and to  fall rapidly w i t h  oxygen content between 50 and 7070 
oxygen. Inspection of F igures  11 and 12 indicate that the fuel ce l l  can  function 

sat isfactor i ly  with mixtures  on its cathode side containing up to 10% hydrogen. 

Per formance  is noted to drop  rapidly with hydrogen content a t  some  level 

between 10 and 3070 hydrogen. 

These resu l t s  a r e  directly applicable to the problem of estimating 

performance of miniature cel ls  when installed in commercial  s i lver-zinc 

batteries.  Under normal  operating conditions, including both s tand and con- 

ventional cycling, internal battery gases consis t  of essentially pure  hydrogen 

with l i t t le,  if any, oxygen. Therefore ,  during normal  conditions, a miniature 

fuel  cell, with its anode in  contact with bat tery gases ,  should be capable of 

consuming essentially all internal gases. 

During an overcharge period, oxygen is evolved and becomes 

mixed with the hydrogen. 

during this  period until oxygen content reaches 5070. 
ce l l  would become inoperative and could not consume any m o r e  of the hydrogen. 

Internal  p r e s s u r e  would continue to rise due to continued oxygen evolution. 

This p r e s s u r e  rise could be terminated, however,  i f  the bat tery contained a 

second miniature  fuel cell  with i t s  cathode in contact with internal  gases.  

This  ce l l  would start and continue to  consume oxygen when concentration of 

th i s  gas has reached a level of 9070. 
miniature  fuel ce l l s  would l imit  internal p r e s s u r e  r i s e  in a s i lver-zinc bat tery 

during normal  operation and a l so  during overcharge.  

The miniature fuel ce l l  would continue to function 

At this point, the fuel 

Thus it m a y  be shown that use  of two 

SM-48457-Q1 8 
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2.6 Fuel  Cell Sizing 

P r e s s u r e  r i s e  in  a sealed s i lver-zinc battery will be dependent 

upon the relative ra tes  of gas evolution within the battery and consumption by 

the fuel cell. 

tion ra te  be at l ea s t  equal to the evolution rate.  

be c a r r i e d  out by selecting the proper  sized fuel cel l .  

In o rde r  to limit pressure r i s e ,  it i s  necessa ry  that the consump- 

Matching of these ra tes  can 

F r o m  the data which has  been accumulated to date,  it is possible 

to predict  rate of gas  consumption by a given s ize  fuel cell.  

the fuel cel l  is  run at a cur ren t  of 100 ma /cm2 ,  the following relationship 

would apply: 

F o r  example,  if 

Where: 

d = diameter  of fuel cell electrode, cm,  

R = hydrogen consumption rate ,  ( c c / h r )  

Overal l  d iameter  of the fuel cell  i s  approximately 1 / 2  c m  m o r e  

than that of the electrode. Overal l  thickness i s  nominally 1 cm. 

A typical gassing rate i n  a s i lver-zinc bat tery may  be est imated 
on the bas i s  of data supplied by NASA Goddard personnel. (3) 

HZ Gas Evolved 

Bat te ry  Void Space 1/2" x 1 / 2 " . ~  1-3/4" 

Duration 1 /2  hr .  discharge 

Per formance  Cycles 224 
(2  weeks) 

P r e s s u r e  Build up 60 psig 
over  2 weeks 

F r o m  this data the rate of hydrogen evolution is  calculated to  

be 8.4 x l o m 3  c c / h r .  

above is  0. 016 cm. 

suff ic ient  t o  handle this gassing rate  (nominally 1 / 2  c m  dia . ) .  

The corresponding fuel cell  diameter  f rom Equation (1) 

In this ca se ,  the minimum s ize  fuel cell  would be 

SM-48457-Q1 9 



Another example might consider the unlikely, but possible, case  
Le t  us  assume that the ba t te ry  is placed on a of excessive overcharge.  

continuous light charge of 100 ma. 

pure hydrogen and oxygen. 

of ma. 

to consume 02. 
gases  to  limit p r e s s u r e  r i se .  If operating fuel cel l  cu r ren t  is 100 m a / c m  , as 

2 above, then each cell  mus t  have electrode a r e a  of 1 c m  . Correspondingly, 

electrode diameter  is therefore  1. 13 cm and overal l  fuel ce l l  d iameter  is 

approximately 1. 6 cm. 

In this  case ,  the gases  consis t  of essentially 

Evolution rates correspond to overcharge cur ren t  

and another Two fuel cells  mus t  be employed he re ;  one to  consume H 2 
Each cell  mus t  consume the equivalent of 100 ma of these 

2 

I 
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3 . 0  CONCLUSIONS 

A miniature fuel cell  used for  pressure reduction in ba t te r ies  exhibits 

stable performance for  operating t imes  of a t  l ea s t  1 600 hours.  

of these miniature cel ls  has  been ascertained fo r  operation on mixtures  of 

bat tery gases  (H2 and 02) containing up to 5070 oxygen in the anode and up to 

10% hydrogen in the cathode. 

where cu r ren t  output is approximately 20O%.that at 25OC, and O°C where 

cu r ren t  output is 80% that at 25OC. 

Functionality 

The cel ls  can a l so  operate  effectively at 4OoCy 

SM-48457-Q1 
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4.0 PROGRAM FOR SECOND QUARTER 

Life t e s t s  of the five cel ls  in the battery s imulators  will be continued. 

Additional life t e s t s  will be initiated in  the “dead end” mode of operation. 

These l a t t e r  t e s t s  will be run at various loads and with different mixtures  

of hydrogen and oxygen in  the anode. 

Analyses of experimental data will be made to obtain correlat ion data 

between s ize  of miniature fuel cell  and rate and capacity of gas consumption 

in  batte r ie  s, 

SM-48457-Ql 12 
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F i g u r e  1. Jack-Type  ( P r e s s - F i t )  Connection of 
Miniature F u e l  Cell to  Actual Ag/Zn 
Ba t t e ry  
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F i g u r e  2. Screw-Type Connection of Miniature 
Fue l  Cell  t o  Actual Ag/Zn Ba t t e ry  
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Figure  3. Deep Inse r t  Type of Miniature F u e l  Cell  
Connection t o  Actual Ag/ Zn Bat te ry  
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F i g u r e  4. Application of Single Miniature Fue l  Cell  as 
P r e s s u r e  Cont ro l le r  for  T h r e e  Ag/Zn Ba t t e r i e s  
by Means of Manifolding Arrangement  
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Figure  5. Init 
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al Miniature F u e l  Cell 
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Figure  6. Modified Miniature F u e l  Cell  
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Figure  7. Effect of Tempera ture  on Per formance  of Miniature Fue l  Cell  
(Initial Cell  Configuration) 
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Figure  8. Effect of Temperature on Performance of 
Miniature Fue l  Cell (Modified Cell  Configuration) 
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Figure  9. Per formance  of Miniature Fue l  Cell With H -0 
Mixtures in Anode 2 2  
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Figure  10. Per formance  of Miniature Fue l  Cell  With H 2 - 0 2  
Mixtures in Anode 
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Composition of Cathode Gas Mixtur 4 

Figure  11. Per formance  of Miniature Fuel  Cell With H -02 
Mixtures in Cathode 2 

SM-48457-Q1 25 



1.2 
1 I 

2 I = 35 ma/cm 

I 

m 
c, d 

: 

: 
Composition of 
Cathode Gas Mixture 

100% O2 ; 0% H 
- - 

90% O2 ; 10% d., 
L. 

0 2 4 6 8 10 12 
Time (Min) C N I S  

Figure  12. Per formance  of Miniature F u e l  Cel l  With H -0 
2 2  Mixtures in Cathode 
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